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® Rapid detection of nuoMo add sequencea In a aampto by labeling the samplSL 



® A metttod for detecting one or more microorganisms or polynucleotide sequences from eukaroytic sources 

in a nucleic add-contalning test sample comprising 

M (a) preparing a test sample comprising labeling ttie nucleic adds In the test sample, 

^ (b) preparing one or more process by immobilizing a single-stranded nucleic acid of one or more 

^ known microorganisms or sequences from eukaroytic sourcea, 

^ *(c) contacting, under hybridization conditions, the labeled single-stranded nucleic acid to form 

^ hybridized labeled nucleic adda. and 

^ (d) assaying for the hybridized nucleic adda by detecting tiie label. The method can be used to 

(V) detect genetic disorders, e.g.. sidde-cell anemia. 
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BACKGROUND OF T>4g INVgNTIQN 
Reld of the Invention 

The present apptfcatloo relates to the detection and identification of microorganismt and the detection 
and identification of particular prokaryotic or aukaryotic ONA sources in a nude<c aad containtng teat 
sample. 

Still further, tire present Inventkxi relates to a metiwd for tt>e iysss of whole cells. 

B^»grav??d 'nfffmatiOT 

A. The Detection of Microorganisms 



The identification of species of micrtxsrganisms in a sample containing a mixture of microorganisms, by 
immobtliaing ttie ONA from ttie sample and subjecting rt to hybrkllaation wHh a labelled spedman of 
species -spedflc QUA from a tmown microorganism and observing whether hybridization occurs between 
the immobilized ONA and the labelled spedmea has been disdosed in PCT patent application No. 
20 PCT/US83A)1029. 

The most effident and sensitive metttod of detection of nudeic adds such as ONA after hyivldlzation 
requires radioactiveiy labeled ONA. The use of autoradiography and enzymes prolongs ttie assay time and 
requires experienced technicians. 

U.S.P. 4.358,535 to Fatkow et aJ describe infectious disease diagnosis using Isbeied nucleotide pfo6es 
28 complementary to nudeic add coding for a characteristic pattiogen product 

B. The Detection of StMcifie Eukarvotfe Seouencea 

00 The identification of specific sequence alteration in an euicaryotic nudeic add sample by immobilizing 
tile 01^ from ttw sample and subjecting it to hybridization with a labeled ollgonudeotide and obsennng 
whether hybridization occurs between ttie Immobilized 01^ and ttie labeled probe, has been described in 
EP -patent application No. 86 117 978 filed December 23, 1988, now pending. 

it ts known ttiat ttte expressio n of a specific gene detennines ttie physical condition of a human being. 

38 For example, a change in ttie beti-gtobin gene coding sequence from GAQ to 6TQ at ttie sixtii amino add 
position produces s idd»bet»^tofain and a homozygoto can have a disease known as sickle ceil anemia. 
Similarly deletion of particular saquencee firom alphe-gtobin or beta^tobin genea can cause ttuiassemias. A 
recent survey, Qenetfea ^ QlDiOd Practice, 0 J. Weatiieraii, The Nufffeki Provindai Hospitals 

Tnist (1982), chspter 2 descrit)es ttie frequency and dinical spectrum of genetic diseases* 

40 Problems asa o ciat ed wHh genetic defscts can be diagnosed by nudeic add sequence infbnnation. The 
easiest way to detect such sequence tnfbmiation is to use ttie mettxxl of hybridization witti a spedflc probe 
of aJoiown sequenoeu 

U.SP. 4.385,488 to Wilson et at describe a mettiod for ttie direct analysis of sickle cell anemia using a 
restriction endonudease assay. 
45 EdwaiTM. Rubin and Yuet Wai Kan, *A Simple Sensitive Prenatsl Test for Hydrops Fetalis Caused By 
orThalassaemie*, Jbs ^DSA January 12. 1985, pp. 7^77 describes a dot blot analysis to differentiate 
between ttie genotypes of homozygoua alpha-ttialassemi* and ttiose of ttie haemoglobtn-H disease and 
alpha-ttiaiassemie trait 

The most eflldent and senaittve mettiod of detection of nudeic adds, such ss ONA. after hybridization 
so requires radloactiveiy latMlled ONA. The use of autoradiography and enzymes prolongs ttie assay time and 
requires experienced technidans. 

Recentiy. a non-radloactfve mettiod of labelling ONA waa deecribed by Ward et al, European Patent 
Application 83379. Ward et al, use tire mettiod of nick ttmslaflon to Introduce bkTtinylatsd U (uradO 
residuee into ONA. replacing T (tfiymtne). The biotin resklue is ttien sssayed wttti antibiotin antibody or an 
avidin-containing system. The detection in tills case is quicker ttian autoradiography, butttie nick translation 
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mdthod requires highly skilled personnel. Moreover, btotinytetion using biotinylatad UTP (uridine 
triphosphate) works only for thymine-containing polynucleotides. The use of other nucleoside triphosphates 
is very difficult because the chemtcaJ derivatization of A (adenine) or 3 (guanine) or C (cytosine) (containtng 
•NHi) with btoHn requires the skills of trained organic chemists. 

5 

C. Cell Lvsis 

The present invention also provides a method for the efficient lysis of whole cells such that their ONA is 
10 released and made available for photochemical labeling. While eukaryotic cells derived from mutticelluiar 
animals are easily lysed under relatively mtk) conditions, single cell eukaryotes and prokaryotes, especiaity 
Gram positive prokaryotes, are more difficult to lyse due to the complicated chemical nature an6 extent of 
crossHinking of their ceil waits. Methods do exist for effidentty lystng these refractory organisms, either by 
chamical-^zymatic or physical means, but these methods are often complicated, time-consuming and 
IS inappropriate for preserving the integrity of ONA. 



SUMMARY OF THE 



20 It is accordingly an obiect of the present invention to provide a method for detection of microorganisms 
in a nucleic add^ntaining test sample. 

tt is another object of the invention to provide a method for a simultaneous assay for the presence of 
more than one nucleic acid sequence. 

Another object Is to provide a method to identify particular prokaryotic or eukaryotic ONA sequences 
2S and a method for distinguishing alleles of Individual genes. 

Another object of the invention is to provkle a simple photochemical method of labeling the unknown 
test samplet. 

A further obiect of the invention is to label the probes with differertt kinds of labels so that when this 
probes are hybridized with an immobilized, unknown, unlabelled test sample, the type of label remaining 
30 bound after hybridization and washing, wilt determine the type of nudelc acid sequence present in the 
unknown sample. 

A still further object of the invention is to use whole chromosomal nucleic add as the probe and/or as 
the test sample. 

Also the inventk)n relates to the use of oCgonudeotides aa immobilized probea. 
35 These and other objects and advantages are realized in accordance with the present invention for a 
method of detecting nudelc add sequences in a nucleic add-contaimng test sample. 
The mettiod involves the folkming: 
(a) preparing a test sample comprising labeling the nudelc adds of the organisms or calls or cell 
debris in the test sample; 

40 (b) preparing one or more probes by ImmobiUzing a single-stranded ONA or an oligonudeotide of 

one or more known microorganisma or eukaryotea, or sequences representing particular genes or their 
alleles. 

(c) contacting, under hybridization conditions, ttte labeled single-stranded ssmpte nudelc add and 
the immobilized single'Stranded (probe) nucleic add or ti)e immobilized oligonucleotide to fonn hybridized 

49 labeled nudelc adds and 

(d) assaying for ttie hybridized nudeic acida by detecting ttie label* 
In tiie above metttod, steps (a) and (b) can be reversed. 

The metbod further comprises denaturing ttie labeled nudeic actda from step (a) to form labeled 
denatured nudeic adds. 

so According to ttte invention, a labeled nudelc add test sample is contacted simultaneously witti several 
different typea of QUA probes for hybridization. The nudeic add test sample is labeled and hybridized with 
several unlabeled immobilized probea. The positiona of ttw probes are fixed, and ttie labeled probe 
detected after hybridization wilt indicate ttiat ttie teat sample carriea a nudeic add sequence complemen- 
tary to ttie corresponding probe. 

55 Nudeic add probes for several microbiological systems or for diffSerent alleles of one or more genes 
can be immobilized separately on a soikl support for example, nitrocellutose paper. The test sample 
nudeic adds are labeled and remain in solution. The solid material containtng ttie immobilized probe is 
brought in contact witti ttie labeled test nudete add solution under hybridization conditions. The soUd 
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matonai is washed free of unhyforldlzsd nudai'c add and the label is assayed. The presence of the taM 
with one or more of the protses indicates that the test sampte contains nucleic acids substantsaily 
complementary to those probes and hence originate, for example, from an infectfon by partcuiar micro- 
btologtcai systems. 

5 Labeiing can be accomplished in a whole living cell or a cell lysate, and can be non-isotoptc. The 
nucleic add cao be used for hybridization without further purification. 

The present invention also concerns specific lysis conditions to release nudeic adds from both gram 
positive and gram negative bacteria. 

The presem invention further cortcems a kit for detecting microorganisms or eukaryotes in a test 
70 sample comprising 

(a) a support sotid containing single-stranded ONA of one or more icnown microorganisms or 
eukaryotes immobilized thereon, e.g., a strip containir)g dots or spots of known microorganisms or 
eukaryotes, 

(b) a reagent for labeling the nucleic add of the test sample, 

75 (c) a reagent for releasing and denaturing ONA in the test sample, and 

(d) hybridization reagents. 
For chemiluminescertce detection of the hybridized nudeic add, ttie kit woukj further comprise a 
reagent for chemiiuminescent detection. 

In the above described kit the reagent for labeling Is ghm hereinbelow in a discussion on labels. 
20 Reagents fdr releasing and denaturing ONA indude sodium hydroxide and lysing agents such as 
detergents and fysozymes. 

Typical hybridization reagents indudee a mtcture of sodium chkxide, sodium dtrate, SOS (sodium 
dodecyi suifate), bovine serum albumin, nonfat milk or dextran sulfate and optionally formamide. 



BRIEF DESCRIPTION OF THE RGURE9 

Rg. 1 is an autoradlograph of results of Immobilization of an oQgonudectkle sequence specific for 
hemoglobin mutation. 

30 Rg. 2 is a p h oto g r ap h of resuita of hybridization with labeled genomic ONA for non radioactive 

detection. 



PETAILED DESCRIPTION OF THE INVENTION 

39 

The nucleic add is preferably labeled by means of photochemistry, employing a photoreactive ONA* 
binding furocoumarin or a phenanthridine compound to link the nudeic add to a label which can be 'read* 
or assayed in conventional manner, including fluorescence detection. The end product is thus a latseled 
nudeic add comprising (a) a nudeic add c omp onent (b) an Intercaiator or other ONA-btndIng llgand 

40 photodtemlcally linked to the nudeic add component and (c) a label chemically linked to (b). 

The photodiemical method providee more favorable reaction cond i t iona than the usual chemical 
coupling method fbr blochemlcatty sensitive substances. The intercaiator and label can first be coupled and 
then photoreacted with the nudeic add, or the nudeic add can first be photoreccted with the intercaiator 
and then coupled to the tabeL 

45 ^ general schema fbr coupling a nudeic add, exemplified by double-stranded ONA, to apply a label, is 
asfblkiws: 
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Where ma hybridizable portion of the nudeic add is in a double stranded form, such portion is then 
denatured to yield a hybrldizabla single stranded portion. Alternatively, where the labeled ONA comprises 
tha hybridizable portion already in single stranded fomi. such denaturation can be avoided if desired. 
Altematively. double stranded ONA can be labeled by the approach of the present invention after 
hybridization has occuned using a hybridization format which generates double stranded ONA only in the 
presence of the sequence to be detected. 

To produce spedflc and affident photochemical products, it is destrabte that the nudeic add compo> 
nent and the photoreactive intercalator compound be allowed to react in the dark in a specific manner. 

For coupling to ONA, aminomethyi psoralen, aminomethyi angetldn and amino alkyt ethidium or 
methidium azides are partlcularty usehil compounds. They bind to double-stranded ONA and only the 
complex produces photoadduct In the case where labeled double-stranded ONA must be denatured in 
order to yield a hybridizable single stranded region, conditions are employed so that simultaneous 
interaction of two strands of ONA with a single photoadduct Is prevented, it is necessary that the frequency 
of modification along a hybridizable single stranded portion of the nucleic add not be so great as to 
substantially prevent hybridization, and accordingly there preferably will be not more than one site of 
modification per 25, more usually 50, and preferably 100, nucleotide bases. Angelidn derivatives are 
superiv to psoralen compounds for monoadduct formation. If a single*stranded ONA nucleic add is 
covaiently attached to some extra double*stranded ONA, use of phenanthridium and psoralen compounds is 
desirable since these compounds interact spedfically to double-stranded ONA in the daric The chemistry 
for the synthesis of the coupled reagents to modify nudetc adds for labeling, deachbed more fully 
hereinbelow, is similar for all cases. 

The nudeic add component can be single or double stranded ONA or RNA or fragments thereof such 
as are produced by restriction enzymes or even relatively short oligomers. 

The ONA*bindb)g Uganda d the present invention used to linic the nucleic add component to the label 
can be any suitable photoreactive form of known ONA-btnding Uganda. Particulariy preferred ONA-binding 
ligands are Intercaialfir compounds such as the furocoumarlns, e.g., angeUdn Osopsoralen) or psoralen or 
derlvstives thereof which photochemically will react with nudeic adda, e.g.. 4'*aminomethyi-4,5'*dimethyl 
angelidn. 4'-aminomethyHHftxsalen (4'aminomethyM,S',3-trimethyl-psoralen), 3<arboxy-5HX -S-amino-or- 
hydroxy«psoralen. as well aa mono-or bla-azido aminoaikyi methidium or ethidium compounds. 

Particularly useful photoreactWe forms of intercalating agents are the aziddntercalators. Their reacth/e 
nitrenes are readily generated at long wavelength ultraviolet or visible light and the nitrenes of arylazides 
prefer insertion reactions over their rearrangement products (see White et al, idflttU2da ia EQ&OQfiL * ^ ^ 
(1977)). Representative intercalating agenta include aztdoachdine, ethidium monoazide, ethidium diazide, 
ethidium dimer azide (Mitchell et al, JAS* Ifll. (1082)). 4-azido-7-chloroquinoUne, and 2- 

azidofluorene. A specific nudeic add binding azido compound has been described by Forster et al. Ny^ifiifi 
A^BSS^ . 1^ (1985). 745. The structure of such compound is as foltows: 
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Othar useful photoreactable intercalatort ar« tti# furocoumarin« which form (2*2) cycioadducts with 
pydmtdina residues. Alkylating agents can aiso be used such as bi8<hioroethy1amjnes and epoxides or 
aziridines, e.g., aflatoxins. pofycydic hydrocartxsn epoxides, mitomycin and norphillln A. 

Nonflmiting exampies of intercalator compounds for use in the present invention include acridlne dyes, 
phenanthridines, phenazines, furoooumarins, phenothiazines and quinolinee. 

The label which is linked to the nucleic add component according to the present Invention can be any 
chemical group or residue having a detectable physical or chemical property, labeling can be 
conducted by chemical reaction or physical adsorption. The label wiU bear a ftmctlonai chemical group to 
enable it to be chemically linked to the intercalator compound. Such labeling materials have been well 
developed in the field of immunoassays and in general most any label useful in such methods can be 
applied to the present Invention. Particularfy useful are enzymadcally active groups, such as enzymes (see 
Chem.. (197B). 2& 1243), enzyme substrates (see British Pat Spec. 1348.741). coenzymes (see U.S. 
Patent Nos. 4.230.797 and 4238,585) and enzyme inhlbitora (see U.S. Patent 1^ 4.134.792; fluoreecers * 
(see cnn. Chem, . (1979). SS> 353), and chromophores including phycobiQproteine; luminescers such as 
chemiiuminescers and biolumtnescers (see S!!lL Chem.. (1979). ^ 512. and Ibid, 1531): spedficaily 
btndable ligands. Le^ protein binding iigands; and residues comprising radoisotopes such as H *3, 

and Such labels are detected on the basis of their own physical properties (e.g., fiuorescers, 
chromophores and radioisotopes) or their reactive or binding propertiee (e.g., enzymes, substrates, 
coenzymes and Inhibitors). For example, a cofactor-labeled nucleic add can be detected by adding the 
enzyme for which the label is a cofactor and a substrata for the enzyme. A hapten or llgand (e.g., biotln) 
labeled nucleic add can be detected by adding an antibody or an antibody pigment to the hapten or a 
protein (e.g., avidin) which binds the ligand, tagged with a detectable molecule. An antigen can also be 
used as a label. Such detectable molecule can be some molecule with a measurable physical property • 
(e.g.. fluorescence or absorbance) or a partidpant in an enzyme reaction (e.g.. see above list). For example, 
one can use an enzyme which acts upon a substrate to generate a product with measurable physical 
property. Bcamples of the latter include, but are not limited to. beta^alactosidase. alkaline phosphatase, 
papain and peroxidase. For jQ hybridization studies, ideally the final product is water Insoluble. Other 
labels, e.g.. dyes, will be evklent to one having ordinary skiil in the ait 

The label will be linked to the intercalator compound. e.g.. acrtdne dyes, phenanthridines. phenazines, 
furocoumarins. phenathiazlnee and quinollnes, by direct chemical linkage such aa involving covalent bonds, 
or by indirect linkage such as by the incorporation of the label in a microcapsule or liposome which in turn 
is linked to the Intercslstor compound. Methods by which the label Is Qnfced to the intercalator compounds 
are essentially known in the art and any convenient method can be used to perform the present invention. 

Advantageouaiy. the intercalator cmpound is first combined with label chemically and thereafter 
combined with the nudeic add component For example, since bkatin carries a cartxjxyt group, it can be 
combined «Mi a fUrocoumarin by way of amide or ester fomrtatlon without interfering with the photochemical 
reactivity of the furocoumarin or tfie bk3togical activity of the biotin. e.g.. 
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Other aminomettryOngetidn. psoralen and phenanthrtdium derivitfvee can be similarly reacted, 
phenanthridum haUdes and derivatives thereof such as aminopropyl methidlum chloride* Le., 
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(see Hertzberg et al. Amer. Chem. Soc.. 313 (1982)). 

Altamativety, a bffUnctionat reagent such as ditftiobia sucdnimidyt propionate or 1 .4-butarwlioi 
dfgtyddyl ether can be used directly to couple the photochemtcaUy reactive molecule with the label where 
the reactants have aOcyt amino residuee, again in a kruywn manner with regard to solvents, proportions and 
reaction conditions. Certain bilUnctional reagents, possibly glutraidehyde may not be suitable because, 
while they couple, they may modify nudeic add and thus tnterfers with the assay. Routine precautions cm 
be taicen to prevent such difficulties* 

The particular sequence used in maidng the labeled nucleic add can be varied. Thus, for example, an 
amino-substituted psoralen can first be photochemicaily coupled with a nudeic add, the pnsduct having 
pendant amino groups by which it can be coupled to the label, i.e„ (abeSng can be carried out. by 
phctochemicalfy reading a ONA binding Hgand with the nudeic add In the test sample. AHematively, 4he 
psoralen can first be coupled to a label such as an enzyme and then to the nucleic add. 

As described in pending EP-patent application No. 85 116 199Z filed {December 18, 198S, the present 
invention also encompasses a labeled nudeic add comprising (a) a nudeic add component (b) a nudeic 
add-bindlng tigand photochemicaily Ilniced to the nudeic add component (c) a label and (d) a spacer 
chemically Rnidng (b) and (c). 

Advantageously, the spacer indudes a chain of up to about 40 atoms, preferably atMut 2 to 20 atoms, 
selected from the group consisting of carbon, oxygen, nitrogen and sulftir. 

Such spacer may be the polyfunctionai radical of a member seiectad from the group consisting of 
peptide, hydrocarbon, polyaicohol, pdyether. polyamine, polyimine and carbohydrate, e.g., *glycyl-glycyi* 
glycyl-or other oligopeptide, cartonyt dipeptides. and omege-amino*aiicane-carbonyl radical such aa ^NH • 
(CHJ«*CO-. a spermine or ^ermldne radical, an alpha, omega-alkanediamine radical such as -NKKCHOr 
NH or -HN-CHf-CHrfOi or the llkeu Sugar, polyethylene oxide radicals, glyceryl, pentaer/thrftoi. and Hke 
radicals can also serve as the spacers. 

These spacers can be directly linked to the nudeic add«btnding Qgand and/br the label or the linkages 
may indude a dvalent radcai of a coupler such as dithksbia sucdnimidyl propionate. 1.4-butanediQl 
digiyddyl ether, a ^eocyanate, carbodlimide, glyoxal, glutaraMehyde, or the like. 

The spacer can be incorporated at any stage of the process of making the protM. 

a4)-d< 

defined hecelnaboveu Thus, the sequence can be any of the fbltowing: 
a+b+d+c; 
b+d+c^e, 
rf+c+b+a, 
b*d*a*c etc^ 

The conditions for the individual steps are well known in chemistry. 

if the label Is an enzyme, for example, the product will ultimately be placed on a suitabie medium and 
the extent of catalysis will be determined. Thus, if the anzyme is a p h o sph ataae, the medium could contain 
nitrophenyl phosphate and one woukl monitor the amount of nitrophenol generated by observing the color. 
If the enzyme Is a betfrgaladosidase, the medum can contain OHittro-phenyH>galectoi}yranoside whk:h 
also win liberate nitrophenoL 
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The labeled nucleic add of me present invention is applicable to ail conventk3nal hytxidlzatlon assay 
formats, and in generai to any fomriat that is possible based on formation of a hybridization product or 
aggregate comprising the labelled nucleic acid. In particuiar. the unique labelled nucleic add of the present 
invention can be used in solutton and sol2d*phase hybridization formats, including, in the latter case, formats 

9 involving immobilization of either sample or probe nucleic adds and sandwich formats. 

The nudeic add probe will comprise at least one single-stranded base sequence substantiaily 
complementary to or homologous with the sequence to be detected. However, such base sequence need 
not be a single continuous polynucleotide segment but can be comprised of two or more individual 
segments intemjpted by nonhomologous sequences. These nonhomologous sequences can be linear or 

TO they can be self-complementary and form hairpin loops. In addition, the homologous region of the probe 
can be flanlced at the r -and 5' termini by nonhomotogoua sequences, such as those comprising the ONA 
or RNA or a vector into which the homologous sequence had been inserted for propagation, in either 
instance, the probe as presented as an analytical reagent will exhibit detectable hybridization at one or 
more points with sample nudeic adds of interest Linear or drcular single-stranded polynucleotides can be 

IS used as the probe element with mafor or minor portions being duplexed with a complementary poly* 
nucleotide strarKl or strands, provided that the criticai homologoua segment or segments are in single- 
stranded form and available for hybridization with sample ONA or RNA. Useful probes include linear or 
circular probes wherein the homologous probe sequence is in essentially only single-stranded fonn (see 
particulariy. Hu and Messing, QsO^ ^727^ (1982)). 

20 The nudeic add probe of the present invention can be used In any conventional hybridization 
technique. As improvements are made and conceptually new formats are developed, such can be readily 
applied to the present probes. Conventional hybridization formats which are particularty useful include those 
wherein the sample nudeic adds or the polynucleotide probe is immoblHzed on a solid support (solid-phase 
hybridization) and those wherein the polynucleotide spedes are ail in solution (solution hybridization). 

25 In solid-phase hybridization formats, one of the polynudeotide $p^99 partidpadng in hybridization is 
fixed in an appropriate manner in its single-stranded form to a soUd support Useful solid supports are well 
known in the art and indude those which bind nudeic adds either covaiently or noncovalentiy. Noncovaiern 
supports which are generally understood to involve hydrophobic bonding include naturally occurring and 
synthetic polymeric materials, such as nitroceilulose, derivatized nylon and fluorinated polyhydrocartxsns. m 

30 a variety of forms such as filters, beads or sdid sheets. Covalent binding supports (In the form of filters, 
beads or solid sheets, just to mention a few) are also useful and comprise materials having chemically 
reactive groupa or groups, such as dichlorotriazine, diazobenzyloxymethyl, and the like, which can be 
activated for binding to polynudeotidee. 

It is well known that noncovalent Immobilization of an digonucleotide is ineffective on a solid support, 

35 for example, on nitrocellulose paper. The present invention also describes novel methods of oUgonudeotide 
immobilization. Thla la achieved by phosphorylation of an oligonudeotide by a polynudeotide kinase or by 
ligation of the S'-phoaphorylatsd oUgonudeotide to produce muiti-ottgonucleotide molecules capable of 
immobilization. The conditions for kinase and ligation reaction have been described in standard text books. 
9.g., Molecular Cloning, T. Maniatis. EF. Fritsch and J. Sambrook, Cold Spring Harbor Laboratory, (1982), 

40 pagea 1-123. 

A typical solid-phase hybrfdlzadon technique begins with inunobilization of sample nudeic adda ortto 
the support In single-strmded fbnn. This initiai st^ easentiaity prevents reanneaUng of complementary 
strands from the sample and can be uaed as a means for concentrating sample material on the support for 
enhanced detectablttty. The polynudeotide probe is then contacted with the support and hybridization 
45 detected by meaaurement of the label as described hereia The solid support provides a convenient means 
for sedating labelled probe which has hybridized to the sequence to be detected from that which has not 
hybridized* 

Another method of Interest la the sandwich hybridization technique wherein one of two mutually 
exclusive fragments of the homologoua sequence of the probe is immobiOzed and the other is labelled. The 
50 presenee of the polynuctootlde sequence of Interest results in dual hybridzation to the immobilized and 
labelled probe segments. See MfltDSdt iQ &^»ffliQteov . 65:468 (1980) and SttQS> 21:77-85 (1983) for 
further details. 

For the present invention, the Immobile phase of the hybridization system can be a series or matrix of 
spots of known kinds and/or dilutions of denatured DMA. This rs most simply prepared by pipetting 
55 appropriate small volumea of natWe DMA onto a dry nitroceilutose or nylon sheet floating the sheet on a 
sodium hydroxide solution to denature the ONA, rinsing the sheet In a neutralizing solution, then baking the 
sheet to fix the ONA. Before OI^ONA hybridization, the sheet is usually treated with a aolution that inhibits 
non-spedfic binding of added ONA during hybridization. 
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This invention involves the labeflng of whofe genomic ONA, wtiole nucieic adds present in cells, wtioJe 
cell [ysato, or unfysod wtiote cells. Once the labeled material is prepared, rt can be used for the detectikDn. 
f.e., the presence or absence of certain speoflc genomic sequences by specific nucJeic add nybndizatton 
assays. 

5 One method according to ttie invention involves tfte separation of cells from a human sample or ttve 
human sample directty is treated by mixing with a photochemicaily reactive nucleic add binding inter- 
caiating llgand. The mixture is incubated depending on the type of the sample. If ttie sample is lysed cells 
or nucleic adds, it is incubated for a period between a f9w seconds to five minutes and when whole ceils or 
partiaiiy lysed ceils are used, incubation between two minutes to two hours is employed. After the mixing 

70 and incubation, ttie wt>oie sample mixture is in'adiated at a particular wavelength for tt^e covalent interaction 
between tt)e photochemicalty reactive ONA binding ilgand and the test sample. Then this labeled material is 
hybridized under spedfic hytiridlzation conditions with a specific probe. 

After the hytiridization, ttie unreactad unhybrldized labeled test sample is removed by washing. After 
the washing, the hybrid is detected through the label carried by the test sample, which is spedficaity 

15 hybridized with a spedfic probe. 

The present invention Is surprising since in a human genomic sample the amount of a single copy gene 
is very low, for example, if a restriction fragment of one thousand base pair Is the region of hybridization, 
the probability of such sequence in the whole human gerwvnic sample is one in a mllhon. This condusion 
has been derived by assuming from the literature that a human genomic sample has 3 MO* base pain and 

20 1000 base pairs will be 1/3,000.000 of that numt)er. Automatically, in a sample of human ONA contairting 
approximately five to tan micrograms of nudele adds, only 5 to 10 picogram of the corresponding 
sequences Is available and labeling the vast maiority of ttie non-spedfic ONA should produce more 
badcground ttian the tnie signal. But after the reaction, it is surprising to observe that ttie results are not 
only spedfic but also of unexpected higher sensltMty.. 

25 Without wishing to be bound by any particular theory of operabiOty, the reason for th^ unexpected 
sensitivfty may be due to the formation of a networfc of non-spedfic nucleic add hybrids bound to the 
spedfic hybrfd, thus amplifying the amount of the signaL As has been shown in a typical example, a. 19 
nucleotide long spedfic sequence containing plasmid Is immobilized and hytvldized with 5 microgram 
equivalent of a test sample which is labeled photochemicalty and one detects very easily the signal resulted 

30 from such hybrid. This could not have been accompOahed by any other technique because of the problems 
assodated with the labeling method. 

The present Invention relates to a novel hybridlzatkxi technique where probes are immobilized and an 
eukaryotic nudeic add sample is labeled and hytvidzed with immobilized uniatMied probe. A surprising 
characteristic of the invention Is the ability to detect simple or multiple copy gene defects by labeling the 

3$ test sample. Since there is no requirement for an excess of labeled hybridizing sequence, the present 
metfKxl is more spedfic. In the present invention, simuitaneoua detection of diffarent gene defects can be 
easily carried out by immot)iUzing spedfic prot)es; 

For example, using the present invention, one can immobtOze oilgonudeotlde probes spedfic for 
genetic defects related to sidde ceil anemia and probes for alphapthalassemias on a sheet of nitrocellulose 

40 paper, label the test sample and hybridize the labeled test sample with ttie immobilized probes. It is 
surprising that paittaify purified or unpuriffed nudeic add samples (cell lysabe or whole ceU) can be 
photochemicaily labeled with senaitfve moieculee without aflMfng ttie spedfic hybridzabiOty. 

The present invention Is also directed to detecting eukaroytes (protists) in samples from higher 
organisms, such as anlmale or humans. 

4$ Eukaroytes incfaide algae, protozoa, fungi and silme molda. 

The term "algae' refan in general to chlorophyll-containing protfsts, descriptions of which are found in 
G.M. Smitti. CfvptoQamie Botany. 2nd ed. Vol. 1. SiSSA flOd P""Q^ . McQraw-Hlll, (1955). 

Eukaryqtfc sequences acconUng to the present invention includes ail disease sequences except for 
bacteria and viruses. Accordingly, genetic diseases, for example, would also be embraced by the present 

50 invsntion. Non-6mitlng examples of »och genetic diseases sre aa fdlows: 
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Area Affected 
Metabolism 



Di .reases 

Acute intermittent porphyria 

Variegate porphyria 

alpha^^-antitrypsin deficiency 

Cystic fibrosis 

Phenylketonuria 

Tay*Sach3 disease 

Mucopolysaccharidosis I 

Mucopolysaccharidosis II 

Galactosaemia 

Homocystinuria 

Cystinuria 

Metachromic leucodystrophy 



Nervous System 



Huntington's chorea 
Neurofibromatosis 
Myotonic dystrophy 
Tuberous sclerosis 
Netirogenie muscular atrophies 



Blood 



Sickle-cell anaemia 
Beta^-thalassaemia 
Congenital spherocytosis 
Haemophilia A 



Bowel 

Kidney 



Polyposis coli 



Polycystic disease 
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Eyes Dominant blindness 

'Retinoblastoma 



Ears Dominant early childhood deafness 

Dominant otosclerosis 



Circulation Monogenic hypercholesterolaemia 



Blood Congenital spherocytosis 



Teeth Dentinogenisis imperfecta 

iUnelogenisis imperfecta 



Skeleton Diaphysial aclasia 

Thanatophoric dwarfism 
Osteogenes imperfecta 
Marfan syndrome 
Achondroplasia 
Ehlers-Danlos syndrome 
Osteopetrosis tarda 
Cleft lip/palata 

Skin Ichthyosis 

Locomotor Muscular dystrophy 

A nucleic add probe in accordance with the prossnt inventfon is a saquencs which can determine the 
sequence of a test sample. The probes are usuatty DMA, RNA, mixed copofymers of dbo-and deox- 
yrlbonudeic adds; ollgonudeotides containing rfbonudeotides or deoxyribonudeotide residues or thetr 
modrfled forms. The sequence of such a probe should be complementary to the test sequence. The extent 
of complementary propertlee wtP determine the stability of the douM helix formed after hybridization. The 
probe can also have covaientty linked non-complementary nudeic adds. They can sen/e as the sites of the 
labelfng reactioru 

The nudeic add ie prefarably labeled by means of photochemistry, employing a photoreacttve ONA- 
bfnc^ furocoumsrfn or a phenanthridlne compound to link the nudeic add to a tabei which can be "read" 
or assayed In convention^ manner, including fluorescence detection. 

One uae.of the present inventfon is the identification of bacterial spedes in biok)gtcal fluids. In one 
appQcstlon, sbmples of urine from subjects having or suspected of having urinary tract infections can 
provide material for the prepi^ttion of labelled ONA<s) or RNAs. while a solid support strip. e.g.. made of 
nitroceiluiose or nylon, can contain individual dots or spots of known amounts of denatured purified DNA 
from each of the several bectsrts likely to be responsible for infectkNi. 
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The format of labeled unknown and unlabeled probee. which is the converse of standard schemes, 
allows one to identify among a number of possibiirties tha species of organism in a sample with only a 
single labeling. It also allows simultaneous determination of the presence of more than one distinguishable 
bacterial spedes in a sample (assuming no ONA in a mixture is discriminated against in the labeling 
5 procedure). However, it does not allow in a simple way, better than an estimate of the amcum of DNA (and. 
therefore, the concentration of bacteria) in a mixed sample. For such quantitation, sample ONA is 
immobilized in a series of dilution spots along with spots of standard ONA, and probe ONAs are labeled. 

A urinary tract infection is aimost always due to monoclonal growth of or>e of the following half dozen 
kinds of microorganism: Escherichia c g l j (6(W0% of UTl). Proteus spp, (5»20% of UTl). Klebsiella spp (3- 
ro 10% of UTI). StaphvlQCQccua spp. (4-20% of UTI), Streotococcua spp. (2-5% of UTI). PseudomonM and 
some other gram negative rods together account for a tow percentage of UTI. A common contaminam of 
urine samples that is a marker of improper sample collection is Lactobacillua. 

The concentration of bacteria In a urine sample that defines an infection is about 10" per milliliter. 

The format for an unlabeled probe hybridization system applicable to urinary tract infections is to have 
75 a matrix of ONAe from the above list of species, denatured and immobilized on a support such as 
nitrocellulose, and in a range of amounts appropriate for concemrationa of bacteriai ONAs that can be 
expected in samples of lat>elled unknown. 

Standard hybridization with biotinylated whole genome ONA probes takes place in 5-10 ml. at a probe 
concentration of about 0.1 ug/ml; hybridization of probe to a spot containing about 10 ng denatured ONA Is 
20 readily detectable. There is about 5 f g of ONA per bacterial call, so that for a sample to contain 1 ug of 
labelled ONA. rt is necessary to coliect 2 ■ 10* bacteria, if an infection produces urine having approximately 
10' bacteria/ml, then bacterial ONA to be labeled from a sample is concentrated from 2000 ml. If more than 
10 ng unlabeled probe QHA is immobilized in a dot for example, 100 ng or l ug, or if the hybridization 
volume is reduced, then the volume of urine required for the preparation of labeled unknown is approxl* 
35 mately a few tenths of a ml. 

A Strip of dots containing immobilized, denatured, unlabelled probe ONAs couU have the following 
configuration: 





1 


10 ng 


100 ] 


Escherichia 


o 


o 


0 


Proteus 


o 


0 


0 


Klebsiella 


o 


o 


o 


Staphylococcus 


o 


o 


o 


Streptococcus 


o 


o 


o 


Pseudomonas 


0 


o 


0 


Lactobacillus 


0 


o 


0 



Thia procedure Invclvee the lat)eiing of ONA or RNA in a crude cell lysate. Ideally, preparation of 
labeled sample DNA or RNA will accommodate the foUowing pointr 
4S (1) baeterta wta t)e concentrated from a fluid sample fc)y centrtfugation or filtration; 

- (2) bacteria will be lyeed under conditions suffident to release nucleic adds from the most refractory 
of ttie organisms of interest 

(3) theJat)e(ing protocol will not require purification of latMled nucleic adds from unincorporated 
prec ursor s, nor the purification of nudeic acids prior to labeling; 
so *(4) the labeling protocol will be suffldentty specific for ONA and/or RNA that proteins, lipid;* and 
potysaccharidee in the preparation will not interfere with hybridization nor read-out 

In the present invention, there is provided a method for effidentty and rapidly lysing whole cells, 
indudtng Oram positive bacteria. The method involves contacting cells, e.g., whole cells, with an alkali, e.g.. 
sodium or potassium hydroxide solution in a concentration of 0.1 to 1.6 NormaL 
55 The important features of the present lysis protocol are its relative simplidty and speed. It employs a 
common chemical that requires no special storage conditions and it lyses even Oram positive organisms 
with high effldency, while preserving the properties of the ONA that are important for subsequent steps in 
the photochemical labeling process. 
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For the present inventfon, the Immobile phase of the hybridization system can be a series or matrix of 
spots of known kinds and/or dilutions of denatured ONA. This is most simply prepared by pipetting 
appropriate smaU volumes of native ONA or oligonucleotides onto a dry nftroceiJulose or nyfon sheet 
floating the sheet on a sodium hydroxide solution to denature the ONA. rinsing the sheet in a neuti^ng 
5 solution, then baking the sheet to fix the ONA. Before ONA:ONA hybridization, the sheet is usually treated 
with a solution tttat inhibits non specific binding of added ONA during hybridization. 

The invefYtfon will be further described in the following norHimiting examples wherein parts are by 
weight unless oti^erwiee expressed. 



Example J.: Preparation gf i «'7*(Hm Compound 

75 The preparation of tire labeling compound required Vamino*t7*N-<Bfotinylamido>-3.6^.1Z15 pentaox- 
aheptadecarw. This compound was prepared fn ttie foltowlng four stepr 

(a) 3.6.9,12,15 pentaoxapheptadecane 1.17-dIol ditosylate was syntitesized. 

(b) 1 ,17-dipthailmido derivative of 3,6,9.1Z15 pentaoxaheptadecane was prepared. 

(c) t.l7-d!amlno derivative of 3.6,9.12,15 pentaoxaheptadecane was prepared. 

20 (d) 1 -amino, l74)lotiny{amtdo derivative of 3.6,9,12,15 pentaoxaheptadecane was prepared. 



Scamote ifah Praoaratfon of 3.g.9.12-1S-Pentaoxahflotadacene>1 .17^101 Dfteavtata 

25 To a stin^ solution containing 50 g of hexaelhylene glycol (0.177 moi) and 84 ml of trietttylamine • 
(39.36 g, 0.389 mol) in 400 ml of CH,Ct« at 0*C was added dropfwise a solution containing 73.91 g of p- 
totuenesulfonyl chloride (0.389 moO In 400 mi of CHiCli over a 2.5 hour period. The reaction mixture was 
then stirred for one hour at 0*C and ttien heated to ambient temperature for 44 hours. The mixture was then 
filtered and ttw filtrate was concentrated i{i vaeuo. The resulting heterogeneous residue was suspended in 

30 500 ml of ethyt acetate and fitered. The filtrate was ttien concentrated [q ^asuft ^ ^ yellow oil which was 
triturated eight times with 250 ml portions of warm hexane to remove unreaeted {Holuenesutfonyl chloride. 
The resulting oil was then concentrated under high vacuum to yiekl 108.12 g of a yellow oil (quantitative 
yield). 

Analysis: Calailated fdr CsHsOttSi 
35 Calc.: C, 52.87; H, 6.48. 
found: a 52.58; H, 6.38. 

PMR: (60 MHz, COCW « : 2.46 (s. 6H); 3.4-3J (m, 20H): 4-2 (m, 4H); 7.8 (AB quartet J-6H2. 8H). 
IR (neat) cm-': 2870, 1610, 1360, 1189, 1106, 1020. 930, 830. 788, 670. 



Scamote UhM Praoarstfon of 1.17>QiphthaflmldQ-3.9.9.12.15-oentaoxaheDtadecane 

A stirred suspension containing 108 g of 3,6.9,12,l5-pentaoxaheptadecane-l.l7-<fiol ditosytate (0.183 
mol), 74-57 g of potassium phttiallmide (0.403 moO. and 700 ml of dhnethyiacetamide was heated at 160- 
45 170*0 for 2 hours and was ttien cooled to room temperature. The precipitate was filtered and washed witii 
water and acetone to yield 53i}9 g of product aa a white powder which was dried at 55*C (0.1 mm), mp 
124.126nX 

A secdW crop of product was obtained from ttte dimethylacetamlde filtrate by evaporation Iq vasy^ and 
tile fesuiting precipitate wittt was successiveiy washed ettiyl acetate, water, and acetone. The resulting 
50 white powder waa dried tt 55*C (0.1 mm) to yield an additional 9.7 g of product mg 124.5*128.5*0. The 
combined yield of product waa 62.82 g (68% yield). 
Analysts: (For first crop) 
Calculated fbr OiiHQN«0..1/2H,0 
Calc: C. 61.19: H. 6.05; N. SM. 
5S found: 0, 61.08; H. 6.15; N, 5.09. 



(For second crop) 
Calculated for C»HJ^ 
Calc: C. 82^1; K 5.97; N, 5.18. 
found: C, 81.78: H, 8.15; N, 5.13. 
5 PMR: (60 MH2. dmso^ S : 3.5 (s, SH); 3.8 (s, 8H); 3.8 (bt J « 3H2, BH): 8.1 (s, 8H). 
IR: (KBr) cm-*: 2890, 1785, 1730, 1400, 1100, 735- 



Example Ksl: Preoaratton of 1 .17«0iaminQ-3.6.9.12.1S-PentaQxah6Ptadecane 

10 

A solution containing 60 g of 1,17-diphthaiimido*3.8.9,12.15*pontaoxaheptadecane (0.118 mol). 14.8 g of 
hydrazine hydrate (0.290 nrtol). and 500 ml of ethanoi were heated with mechanicai stirring in a 100* C oil 
bath for three hours. The mixture was then cooled and filtered. The reauttant filter cake was washed four 
times with 300 ml portions of ethanol. The combined filtrates were concentr a ted to yield 32.35 g of a yellow 
75 apaque glassy oil. The evaporative distillation at 150-200*C (0.01 mm) gave 22.82 g of a light yellow oil • 
(89% yield). Ht b.p. 175-1 77*C (0.07 mm). 

PMR: (80 MH2, CDCW a : 1 .77 (s, 4H, NHt): 2.85 (t J • 5Hz, 4H); 3.53 (t J » 5H2, 4H): 3.87 (m, 1 8H). 
IR: (CHQ,) cm*': 3640, 3360. 2660, 1840, 1585. 1460, 1350, 1250, 1100. 946, 920. 870. 
Mass Spectrum: (£J) m/e • 261^ (0.1%. M^l). 
20 (FAB) m/e • 281.2 (100%, M + 1). 
Analysis: For C«H«N,0..iy2 H,0 
Gate*; C. 49.80, H. 10,10: N, 9.8a 
found: C. 50.36, H. 9.58; N. 9.36. 

Uterature Reference: W. Kem, 3. IwabechI, H, Sato and V. Bohmer. Makrol. Chem.. ijgQ, 2538 (1979). 

25 



gxamoto UdV Preoaratten at l>Amlno>17-N-IBlQtinvlamidQ>-3.e.9.12.1S-QentaQxaheotadecana 

A solution containing 7.2 g of 1.17«dlamino*3.6.9,12,15-pentaoxaheptadecane (25 mmol) in 75 ml of 
30 DMF under an argon atmosphere was treated with 3.41 g of N-sucdntmidyl biotin (10 mmol) added in 
portions over 1.0 hour. The resulting solution was stin^ for four hours at ambient temperature. TLC (SiO«. 
70:10.1 CHCLs-CH,OH<one. NH4 OH) visualized by dimethylaminoctnnamaldehyde spray reagent showed 
excellent conversion to a new product (Rf «0.18). The reaction mixture was divided in half and each half 
was absorbed onto SlOt and flash-chromatographed on 500 g of SiOi-60 (230-400 mesh) using a 70:10.1 
OS CHCIrCH,OH<one. NKUOH solvent mixtures Fractions containing the product were polled and concentrated 
to a yield 2.42 g of a gelatinous, waxy solid. The product was precipitated as a solid from Isopropanol-ether, 
washed with hexane, and dried at 55*C (0.1 mm) to give 1.781 g of a white powder (35% yieid). 
Analysis: Calculated for CaHaN«aS.3/2 H,0: 
C, 49.51; H. 8.50; N. 10.46. 
40 found: C. 49.59; H, &13; N, 10.39. 

PMR: (90 MHi, dmsod.) a : 1.1-1.7 (m, OH); ^05 (t J«7H2, 2H); 
2.62 (t J ■4Hz. IH): Z74 (t J«4Hz, 1H); 3.0-3.4 (m. 14H). 
3.50 (S, 14H); 4.14 (m, IH); 4,30 (m, IH): 8.35 (d. J -4Hz, IH); 7.80 (m. IH). 

OMR: (22.5 MHz; dmso^ I : 25Z 2a0. 28.2, 35.1. 40.6, 55.3. 59Z 61.1. 89.6. 69.8, 71 Z 182.7. 
45 172.1.- 

IR: (KBr) cm**: 2900. 2850, 1690. 1640, 1580, 1540, 1450. 1100. 
Mass Spectrum (FAB) trUB: 507.3 56%) 

50 gyamnle 2i Pmomtion of 4^BlQtinv^PgG-4.S'-dlmethvlanQeltefay 

A solution of 203 mg of 1-amino-l7-NKbiotinylamido)-3.6.9.1Z15-pentaoxaheptBdecane (0.4 mmd) in 1 
ml of OMP under an argon atmosphere was treated with 78 mg of N.N-carbonyldfmidazole (0.46 mmol). The 
resulting mixture was stirred for four hours and was then treated with 55 mg of 4'-aminomethyl-4.5'dlmeth- 
55 ylingelldn hydrochloride (0.2 mmol), 140 ul of diisopropylethylamine, and 100 ul of DMF. The resulting 
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mbetur* was stirred ovamight at 50*C. The mixturs was ttien avaporatad onto SlOt ia vacajo and tte 
. rssuttam imprognatad sofid ffaah waa ctiromatographed on 60 g of SlOt (230-400 meah) eJutad mtti 1.5 

ntera of 7% CHrCHCI, fblk3W8d by i (Iter of 10% CH,OH-CHCl^ Fractiona containing tfia product 

pooled and concantratsd to yield 72 mg of a glassy solid (47% yield). 
5 PMR: (00 MHz, dmso-d.): S 1.1-1^ (m. 8H): 2.04 (bt J-7H2. 2H); 2JS (s. 6H): 2.58 (m, 1H): 2.74 (bd. 

J »4Hi, tH): 2*3.4 (m, 14H); 3,40 (m, 14H); 4.14 (m, 1H): 4.25 (m, 1H); 4.40 (bd, J •6H2. 2H): BJS (m. 1 H); 

6.35 (a, IH): 7.02 (s. 1H); 7.45 (d, J«8Hz, 1H); 7.02 (d, J « SHx, 1 H); 7.B0 (m, 1H). 

CMR: (22.5 MHz, dmso^) « : 11J, 18.9, 25.3, 28.2 28.3, 33.4. 35Z 55.4. 58^ 61.0, 89^ 69.6. d8.a 

70.0, 80.0. 107.8. 112.0, 113.1, 114J, 120.8. 121.8, 153.8, 154.4. 15SA 157A 159A 162.7. 172,1. 
ro Literature Reference: F. OairAcqua. 0. Vedaidi. S. Cafflerf. A. Quiotto. P. Rodlghiero, F. Baccicf)ettl. F. 

Cartassare and F. Bordln. J. Med. Own.. 24. 178 (1881). 



Samalfl aai' Cfltolmrtlc ggasggg 

Cotorimetric detection of the biotfnylated hybflda is carried out following the procedure and tot 
developed by Betfiesda Research Laboratoriea (BRL), Qaitheraburg, Maryland 20877. U.S A The procedure 
30 is described in detail In a manual supplied with a kit by BRU efrtMed 'Products for Nucleic Add Detection', 
'ONA Detection System Instruction Manual*. Catalogue No. 8239SA. 



Sampte arbk ChOTirumlnescent Detection 

29 

Chemiluminescent detection of the biotfnylated hybrlda la Identical to the above method: the fliters with 
ttie hybrids are satuiats d with BSA (bovine smmt albumin) by immeraing the paper in 3% BSA at 42*C for 
20 minutes. Bccsss BSA is removed by taking the paper out of the container, and btotting it between two 
pieces of inter paper. The paper ia then incutMAed In a solution containing Streptavidln (0.25 mg/tnl, 3.0 ml 

30 total volume), for 20 minutes at room temperature. It is then waahed three timea with a buffar containing 0.1 
M Tris-Ha, pH 7.5, 0.1 M NaO* 2mM MgCI^ 0.05% TRTTON X-100*. Next the fitter is incubated with 
biotfnyfated horseradah peroxidase (0.10 mg/mi) for 15 minutes at room temperature. This is followed by 
three washings with 0.1 M Tris^HO, pH 7.5, 0.1 M Nad 2 mM MgO. and 0X15% Triton XMOO, and one 
washing with 10 mM Tris (pH 8.0) buffar. Chemilumineacent activation is conducted in two ways. (1) Spots 

35 are punched out and the discs containing the DNA are placed in a microtiter plate with wells that are 
painted black on the sides. After the punched paper drdea are placed In the microtiter place wetls, 0.8 ml 
buffer containing 40 mM Trie and 40 mM ammonium acetate (pH 8.1) ia added to each wefl. Then 10 ui of 
1:1 mixture of 39 mM toxmlnol (In DMF) and 30 mM HA (in water) ia added. Light emiasion ia recorded on 
a 'POLAROID* Instant film by expoaing it drectiy in the ffim hobler. Attematively (2). the paper is soaked in 

40 a solution containing 1:1 mixture of 0£ mM Luminei and H,Oi and wrapped with a transparent 'SARAN 
WRAP*. TTte light emiasion ia recorded on a ' POLAROID* film as abovei 



example 4: General Matfiod of Labeilno the Test Sample Nucleic Adda 

49 

f High molecular weight DNA firom a patient's sample la isolated by a method deacribed in U.S.P. 

4,385.488 (Wltoon et al>, the entire contents of which are incorporated by reference herein. The nudeic add 
is dissotveOJn 10 mM borate buffer (pH aO) to a final concentration of approximately 20 ug/mL To the 
nudeic add sdutlon *angelidn-peg-blotin* in aqueoua sdution is added to a final concentration of 10 

so ug/tnL The mbdun. fs then irradiated at long wavelength irradiation for about 80 minutea using a blade ray 
UVL 58 lamp. The product la ready for hybridization without pwiflcatioa However, the product can be 
purified by diatyda or alcohd predpitatfon (U.S.P. 4.389.488) as is usually fblkmed fbr nuddc adds. 

instead of nudeic adda, whole cefl lyaate can also be l ab e l ed fbOowing an identical procedure. The 
lysis is conducted by bdOng the cells with 0.1 N sodium hydroxide, fbitowed by neutralization with 

ss hydrodtkvic add. 
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When whole cells are used, me mixture of "PEG-ang*t>io* and ceils are incubated for at least 60 
minutes prior to irradiation for efficient transport of the Uganda. Many differertt variations of the above 
described methods can be adopted for labeling. 

3 

Aipha-thaJassemia is associated with gene deletion. The detection of gene deletion by hybridization in a 
dot/slot blot format requires that the total amount of sample and its hybridizability are accurately known. 
70 Since the beta-gtobin gene is a single copy gene, simultaneous hybridization of a sample witti Deta-gJob«n 
and alpha-globin and their relative amounts will indicate the amount of aiphe-glodln wrtn the sample. 

The format and hybridization conditions are the same as Rubin and Kan, sutya. axcept probes, not test 
DNA, is immobilized. Hybridization conditions are also similar. The detection is done by using the BRL kit 
described suora following BRL's speciftcations. 
IS The hybridization detection process are conducted in three steps as follows: 



Stfto 1: Immobilization of the ProbM 

20 As described in Rubin 9nd Kan. suora. 1 .5 kb PstI fragment containing aiphSt globin gene is used as a 
probe for alpha-thaiassemia and for the beta-globtn gene a 737 base pair probe produced by the digestion 
of pBR beta Pst (4.4 kb) Is used. The betsrgiobin gene probe has been described in U.3.P. 4.395,486 
(column 4). For the detection of gene deletion related to aipha*thalassemia, the amount of starling nudeic 
acid, hybridization efficiency and control samples are needed. The present invention avoids these problems 

25 by simultaneous hybridization with a single copy essential gene (e.g., beta-globin gene) when similar 
amounts of probes are immobilized side by side, labeled sample is hybridized, relative strength of signal 
intensity is a measure of relative amount of gene dosage present in the sample. 

The probes (0.5, 1, 3 and 5 og par 100 ul) are suspended in 10 mM tris HC! (pH 7) bufl^, denatured 
with 20 ill 3 M sodium hydroxide, at lOO'C, for 5 minutes, an aqutvaient volume of 2 M** ammonium 

30 acetate, pH 5.^ is added to neutralize the solution, Immediately after neutralization the probes for beta^and 
alpha-globln genes are applied in parallel rows to nitrocellutosa filter paper under vacuum in a skst blot 
manifold, purchased from Sdeicher and Schuell, (Keenl, New Hampshire, U.3.A.). The filter is then dried in 
vacuum at 80*C for 60 minutes. It is then prehybridlzed for 4 hours In a mixture containing 50 mM sodium 
phosphate (pH 7) 45 mM sodium citrate, 450 mM sodium chloride. 50% (v/v) formamide, 02% each (wA/) 

05 of polyvinyl pyn^li^ne. "RCOLL 400* and bovine serum albumin and 0.2 mg/mi alkaH boiled salmon sperm 
ONA and 0.15 mg/ml yeast RNA. 

Step 2: 'i.a'rafiTg fit Sift iss SaOlBlft 

40 

This was described abcv«. 



Step 3c ^£]2(|dtBliflft 

45 

The nitrocelluloae strip containing the immobilized probes are hybridized with the labeled test sample in 
plastic bags (e.g^ "SEAL-A-MEAL*. "SEAL and SAVE*, etc.). Hybridization solution is the same as 
prehybridization solution plus 10% dextran sulphate. Hybridization is done at 42* C for 1 6 hours. After 
hybridizatlon"^etection of biotin Is conducted with a kit and procedure supplied by Bethesda Research 
so Laboratory. Maryland,. (catalogue No. 8239SA). Results of relative Intensity of alphaeand betafregions 
are used to estimate the extent of deletion of alpha^lobin genes: 

^4o signal on the alpha-globin side: aU 4 alpha-gkabin genes miasing. 

Signal on the alpha^lobin side Is half aa strong as on the corresponding beta-side: 3 alpharglobin 
genes missing. 

S5 Signala on alpha and beta side equivalent 2 alphargtobin genes miasino. 
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Signals on alpha side is stronger than the conBspondng beta side (2 alpha 
gene missing. 



3 beta): 1 alpha-giobin 



70 
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&cample 6: fmmobiffeation of an QfioonudaQtidfl Sequence Soecffie for Hefnootobin Mtiffl{gfl 

It is known that an oligonucleotide cannot be easily immotnlized onto mtrocellutose paper by a simple 
adsorption procesa. The present invention efKompasses three different methods to incorporate an 
oligonucieotkle sequence into a larger molecule capable of adsorption. 

Method 1: Two oilgonucleotldes. one a 43mer and tfte other a l6-mer, have been chemically 
synthesized in an atnomated synthesizar (Applied Biosystem 380B) by the phosphoramidite-method and 
phosphorylated at the end by a T4-polynudeotide kinase mediated process according to Maniatis et al, 
Moiecular £]sQiaa» page 122. These ollgonudeottdes contain a segmem of a 19 nucleotide long sequence 
specific for the detection of the mutation asaociated with sickle ceil anemia. 

43mer A & S (A » normal globln gene; S ■ sickle globin gene) were kinased according to Maniatis et 
ai, Moiecutar Ctonino. page 122, in two separate reactions, namely, one wtth ^-ATP and one with no 
radioactive iat)ei. 0.4 ug ^•43mer and 0.6 mg cold 43mer were mixed and punffed on a spun column (Q- 
25med in TE (Trie EOTA buffer)) to a final volume of 40 uL Two dilutions were spotted on S & S 
(Schleicher & Schuell) nitrocelluk»e and nytran (nylon) membranes at 50 and 0.5 ng. 

Method 2 The phosphorylated oligonucleotide products of method 1 were further elongated by making 
mummers of sequences by a Ugase mediated process. The prfncipte is described as fbUows: 



2S 



(X) 



5' 3' 
llgasa 



(X) 



strand separation 



so 



(X) 
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The product being of a higher molecular weight than an oligcnuciectkde it should be immobiiiiabie by 
adsorption on to a nitrocellulose paper. 

Aqueous solutions containing 4ug of »P43mer and 3.7 ug I8mer linker (X) were mixed and dried under 
vacuum. 8 mg of cold Idnased 43mer was added and the sample was heated to 55* C and cooled slowly to 
5 0*C to anneal. Ligation was earned out in 20 ul total reaction volume with 800 units of ligase (Pharmacia) at 
15*C for 4 hours, 1 mg (2 ui) was purified on a spun column (G-25med in TE) to a final volume of 40 ui. 
Two dilutions were spotted on nrtroceilulose nylon membranes at 50 and 0.5 ng. 

Method J: The same as method 2. but ligation was not conducted. Instead of ligation, cross linking was 
conducted with an intercalalor to keep the double stranded regions intact Hence, the cross linked molecule 
10 will have several oligonucleotide sequences covaientiy linked to each other. 

2 ug of '^43mer (for sequence P-50) was added to 2.9 mg of a I6mer (for sequlsnce P-50) linker and 
purified on a spun column. (G25med In TE) to a final volume of 40 ul. 8 mg of kinased 43mer was added 
and the samples were heated to 55*C and cooled slowly to 0*C to anneal. 25 ul of intercalation compound 
aminomethyitiioxsalen was added and the sample was irradiated for 30 minutes on Ice in 500 ul total 10 
15 mM borate buffer pH 8.2 with a long wave UV lamp model (UVL-21. X « 368 nM). 

The probes modified by all three methods were then immobilized on to nitrocellulose and nylon paper 
and hybridized with labelled oligonucleotides. The results indicate that the sequence are immobilizabie and 
hybridization fidelity remains intact 

Two dilutions of the products of methods l to 3 were spotted on nrtroceilulose and nylon membranes at 
20 50 and 0.5 ngs. 

Whole filters were baked for 30 minutes in 80*C vacuum oven and prehybridlzed in blotto (5% nonfat 
dry milk. 8XSSC. 20 mM Na-pyrophosphate) for 30 minutes in 50*C oven. 

Hybridization was carried out with primer extended IS'A & ^2Sr probes at 50*C for one hour (3 
strips/probe). 

25 Fitters were stringently washed for 15 minutes at room temperature In 8XSSC with slight agitation and 2 
» 10 minutes atST^C, 

Air<dried filters were place on Whatman paper and autoradiographed at -70*0 overnight 
The results presented in Rg. 1 surprisingly indicate spedflc hyt}ridlzitk)n are obtained by immobiiizirig 
oligonucleotide probes. 

30 

Example 7: Hybridization with labeled oenomte QNA for Non Radioactive Detection 

Human normal genomic POQ DMA was photolabeled with "biotin-PEQ-angeiidn' (BPA) in 10 mM borate 
35 buffer pH 8.2 at a weight ratio of 0.3 to 1 (BPA:ONA) for 15 minutes on ice with a long wave UV lamp model 
UVL*21. X « 388 nm. No purification is necessary. 

Target ONA oligonucleotides were directiy immobilized on S & S nitrocellukase in 1 ul aiiquots at the 
following concentration, and then baked in an 80*C vacuum oven for 30 minutes. The amounts of the 



40 


differwt immobillzad prebM 


are as follow*: 








43-mer 


(A) - Kinased (method 1) 


200 


ng 




43-mer 


(A) 


200 


ng 


4S 


43-m«r 


(S) - Kinased (method 1) 


200 


ng 




4 3 -mar 


(S) 


200 


ng 




^1319AS8 




50 


ng 


90 


M1319SSS 




50 


ng 




M13737AS8 


50 


ng 




BRL Conunercially blotinylatad DNA 


200 


pg 




pUC19 




50 


ng 
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43-merA: 

5' CTQCT*AATCTTAAQQAT,AAT.CTCCTQAQQAGAAQTCT QCT.AATCTTAA5.QQAT,AAT.CT 3* 
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• =Tfor 43-fn6r 5 
id^er (Common to both A and S) 
y.TTAGAATTCCTAAATT^ 
5 RftSTS wef« prehybridizad in blotto (5% nonfat dry mifk, 8XSSC, 20 mM Na-pyrophosphate) for 30 
minutes in a 45*C H,0 battt 

All 4 strips wera hybridized in 2 mis solution containing 2 aq labeled XX ONA containing nom^ beta- 
globin gene (hybridizatfon solution was blotto with 10% PEQ) for 2 hours in 45*C in a H,0 bath. 
A stringency wash was carried out as follows: 
10 1 ^ 20^ at room temperature in 6XSSC 

2 ' 20" at temperatures indicated in Fig. 2 with very little agrtalfon. 

50 ml centrffuge tut)es were used for elevated temperature washes. Resutts are shown in Rg. 2. 
Detection of blotfn in the hyt)rid was carried out acconjing to the Bethesda Research Laboratory, 
Selhesda Maryland, U.S^ manual using their lot for btotin detection. The results indicated spedffc 
75 hybridization. 



Example 8: Immofaillzatfon of Whole Genomic DNA As Probes 

20 Tens of milligram to gram amounts of ONA were prepared in the following manner from bacterial ceils 
han/ested from fermentor cultures. Bacteria were collected by centrifugatlon from 10 liter nutrient broth 
cultures grown In a New Brunswick Sdentifle Microfemn Fermentor. Generally, cells tn co n cenn ai ed 
suspension were lysed by exposure to an ionic detergent such as SOS (Na dodecyl sulfate), then nudelc 
adds were purtfled from proteins and lipids by extraction with phenol and/or chloroform (J. Marmur. J^^sf^ 

25 BlQl» 2 , 208-218. 1961). RNA was removed from the nucleic acida preparation by treatment of the ONA 
solution with 0.2 mg/ml ribonudease at 37*C, then ONA was pradpittted from solution by the addition of 
two vofumes of ethanol. Bacterial ONA redissolved from the predpitate In a low salt buffer such aa TE (10 
mM Tris-Ha, pH 73, ImM Naa EOTA) was characterized with respect to purity concentration and molecuiar 
size, then approximately 1 microgram aaquots were denatured and rmmobiiized as spots on nitroceilulose 

30 or nylon membranea for hybridization (Kafatos et aL, tiudSifi 6sjdSk 5S2> Z * 1541*1^ (1979)). Oenatur^ 
ation was accomplished by exposure of the ONA with approximately 0.1 N NaOH. After denaturation the 
solution was neutralized, then the membrane was rinsed in NaCUTris-HQ, pH 7.5, and dried. 



^ Example 9: ProceasinQ gf ^ S^pl^ for Cal^utor DNA | flfaltflnfl 

Samples of urine, for example (although the following can equally apply to suspensions of material fbmi 
gononrheft-suspect swabs, from meningftls-suspect cerebro^iinal fluid, from contaminatlon*suspect water 
samples, etc.), are centrift i g ed or filtered to waah and concentrate any bacteria in the sample. The bacteria 

40 are then lysed by exposure to either (I) 2 mgmtl lysozyme or lysostaphin then exposure to approximately 
90*C heat (li) 0.1 to 1J N NaOH. or 00) 1% Na dodecyl sulfate. After (ii) NaOH, the ceU lysate solution is 
neutrailzad before tabeUbig; after (in) detergent tyais. ONA labelilng is preceded by removal of the SOS with 
0.5 M K acetate on ice. Angettdn should be able to permeate intact celta so that ONA tabeilng can be 
accompilahed before cell lysis. Thia in am labeling simpUfles the extraction procedure, as alkaline or 

45 det^gent lysatae can be in corp o r a ted directty Into a hybridization solution. 

Prior to hyt)ff(Szalion. the labeled sm^ Is denatured, and It should also prsferably be reduced to 
short single stranded lengths to fadlitate spedffc annealing with the appropriate unlabeled probe DNA. 
M^ods otifenaturatton are known in the art. These methods indude treatment with sodium hydroxide, 
organic solvent heating, add treatment and combinations thereof. Fragmentation can be accompUshed in a 

50 control . i way be heating the ONA to approximately 80*0 in NaOH for a detemiined length of time, and 
this, of course, also denatures the ONA. 



Example IQ: | f^tTftflni OL ttft Products gf Scamole g 

(0 A test sample of about lOmI urine will contain 10* or more inftetlous agents. After separation by 
centrifugatlon and waahing, the pretreated ceil lysate (step 2) was resuspended in 0.2 ml 10 mM sodium 
borate buffer (pH approximately 8). To thia suspension, 10 ug of photolabelBng reagent disso^ed in ethanol 



20 



(10 mg/mf). was added and mixed by shaking on a vortex mixer. The mixture was men irradiated at 365 nm 
for 30 minutes with a UVGL 25 device at its fong wavelength setting. The UVQL device is sold by UVP inc.. 
5100 Walnut Grove Avenue, P.O. Box 1501. San Gabriel, CA 91778. U.S.A. 

(11) The sample was also labeled with N«{4-aztdo-2-nrtrophenyl>*^r•<^M^totinyt^am^nopropyf)-^r^ 
5 methyl-1 >propanediamine (commerciaily available from BRESA, G.P.O. Box 488, Adelaide, South Australia 
5001. Australia), following the procedure described by Forster et al (1989). suorf for ONA. 

(ill) When unlysed cells were used, the cell suspension in 0.2 mliO mM borate was incubated with 
the photoreagent for l hour prior to irradiation. 

10 

Example 11.: HvbridizatiQn gf Jbfl Products Examplftg g ifl 

Prior to hybridization, the membrane with spots of denatured unlabeled probe ONA was treated for up 
to 2 hours with a 'prehybridization* solution to block sites in the membrane itself that could bind the 

rs hybridization probe. This and the hybridization solution, which also contained denatured labeled sample 
ONA. was comprised of approximatsly 0^ M Na^. 0.1% SOS. 0.1-5% bovine serum albumin or nonfat dry 
milk, and optionally formamtde. With 50% formamkle. the prehybridlzatlon and hybridization steps were 
done at approximately 42*C: without the temperature was approximately 68*C. Prehybridized membranes 
can be stored for some time. ONA hybridization was aitowed to occur for about 10 minutes or more, then 

20 unbound labeled ONA was washed from the membrane under conditions such as 0.018 M Na* (0.1 ' SSC). 
0.1% SOS. 68*C. that dissociate poorly base paired hybrids. After poathybridization washes, the membrane 
was rinsed in a tow salt solution without detergent in antidpatkxi of hytMidization detection procedures. 



25 Example VJ: Detection gf § Nudeic Add Hybrid with Immunoookj 

Affinity isolated goat antibfotin antitxxly (purchased from Zymed Ut)oratories. San Frandsco. Califdmiau 
U.SA) was adsortsed onto colloklal gokl (20 nm) following the method described by its supplier (Jansseh 
instruction booklet Janssen Life Sciences Products. Piscataway. New Jersey. U.SA) and reacted with 
30 hybridized biottnylated ONA after blocking as in a cotorimetric method. The signals were silver enhanced 
using a Janssen (82340 BEERSE, Belgium) silver enhancement kit and protocol. 



Example 1^: Detection g{ Urinary Tract Infection |q ^ Urine SflQU2b 

35 

Urine samples were collected from a hospital where they were analyzed by microbtologtcai methods 
and the results were kept secret until the hybridization diagnosis was conducted. Then they were comparad 
ascertain the validity of the hybridizatk)n results. 

1 ml of dinical sample (urine) suspected of UTI infection was centrifuged in a Brinkman micro 

40 centrifuge for 5 minutes. Then 0.1 ml of 1.2 N sodium hydroxide was added and the suspension was heated 
to 100*C to lyse the ceils. The suspension was then dihjted to 1 ml with 10 mM sodium borate buffer pH 8 
and was neutralized with hydrochlorine add to a pH of 7. To the sobitton. 50 ug *blotin-PEQ-angeUcin' (see 
Example 2) is added and the mbcture was irradiated with a UVL 56 long wavelength UV lamp for 15 
minutes* The irradiated sample (0.1 ml) was added to 3 ml 3XSSC of 5% nonfat dry milk 10% PEG with 0.2 

45 M sodium pyrophosphate and hybridization wu conducted with probes (whole genomic ONA) immobilized 
onto nitrocelHitose paper at 68*C for 5 minutes to overnight After hybridization detection was conducted 
according to Examples 3 orIZ the spots or the photographs were visually interpreted for the presence of 
specific bacteria in the test sample. A spot of human ONA was also present in the nitrocelluiose paper for 
the detectionof leucocytes. The presence of leucocytes was further verified with a common method using 

50 "LEUKOSTDC (Milee Laboratoriee, Elkhart Indiana. U.SA). 

Typical results (Tables 1 and 2) indicate that the hybridization diagnosis producee similar results in a 
shorter time then the corresponding microblokagical assays. The present invention not only provides 
information related to spedes klentiftcstion. but also the leucocyte content In a clinical sample. 

55 
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DiaCNOSIS OF QJNICflL UKPE SAMPLES 

* HDSPnaL APPLICMnS* HXBRIDIZMiai DETECTION 

DIAGNCaSIS RESOLTS SYSTEM 

NB6 mS GOLD 

NES NBG GOID 

NEG NES GOLD 

MEG E.C.-M CHE2fI 

NEG E.C.-VW nOTD 

NES E.C.-VW GQU) 



s+, c- 


NB5 


GQU) 


s+, c- 


E.C.-S 


cma 


s+, c- 


E«C»*S/ KX«*M 


CEEHI 


s+, c- 


NES 


Goto 


s+, c- 


NES 


GOLD 


s+, c- 


NES 


GOLD 


s*-, c- 


E.C.-W 


GOLD 


s+, c- 


NES 


GQED 


s+, c- 


E.C.-W 


GOLD 


s+, c- 


NES 


mrn 


s^, c- 


NES 


GOLD 



100,000/tnL E.C. 


E.C.-S 


GQU> 


100,000/UL E.C. 


E.C.-S 


CBEHZ 


100,000/niL E.C. 


B.c.-W 


GQED 


50,000AtiL E.C. 


E.C.-M 


CEEMI 


50,000/inL E.C. 


NES 


GQED 


E. coU 




QEMZ 


B. coll 


B.C.-VS, Kl.-S 


(SEMI 


B. coU 




CBEMZ 


E. coli/Klffhirtel 1 a ndx 


B.C.-S, K1.-W 


GQU) 


E. OQli/Staph mix 


St.-M 


CHEMI 
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Table 1 cont 



HOSPITAL 



APPLICAMTS' HYBRIDIZAnCN 
RESULTS 



OETTECTIGN 
SYSTEM 



Klebsiella spp. 
100,000/niL K. pneuooniae 
Enter obacter spp. 
100,000 Candida 
100,000/inL Proteus 



E.c-M, Kl.-W 
E.C.-W, Kl-VW 



CHEMZ 

G0Ii3 

GOLD 

GOLD 

GOLD 



NBG** 
NBG** 
Pr.-Sr E.c.-W 



lO^OOO/mL Strep MBS 
Mixture of 3 unidentified NES 



CHE21Z 
GQID 



* diagnosis conducted by streaking urine on an agar plate 
and treating the plate under conditions so that the 
infectious organism can grow. 

Enterobacter/Candida probes not Included in the 
hybridization assay, therefore, negative results are not 
surprising; given the high stringency conditions employed 
in the assay, cross-hybridization with species related to 
Enterobacter was not detected. 

Abbreviations: VS«very strong; S«strong; M«medium; 
W«weak; and VW«very weak hybridization signals; 
GOLD«detection method according to Example 12; 
CHEMI-chemiluminescent detection according to Example 
3(b) 

Applicants' hybridizatfon results rspreseftt the results of a subjsctiv* Intsfpr s tatio n of the intsnsity of ma 
hybridzadon signals obtainsd after detoctlon. ONAs from ma organisams listed in column two are the only 
ones for wftich any hybrfdzation signal waa obtained. The panel of ONAs used for hybridization Included ^ 
ISsUfllll pneumoniae (-K1*). Proteus vylfladS ('^0* Psaudomonas afi£ugi£U» ?^?QtiYtgCQC- 
cua eoidennatia rSEn. SfreotQCQccua faecalisand Homo saoiMg. 
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TABLE 2 






COMPASISON 


OP AMES LEUKOSTIX 


ASSAY 




WITH 


APPLICANT'S ASSAY 




'LEUKOSTIX 


APPLICANTS' HYBRIDIZATION 


DETECTION 


RESULT 




RESULT 


SYSTEM 


3+ 




VS 


GOLD 


3+ 




S 


CHEMl 


3+ 




s 


CEEMI 


3+ 




M 


CHEMI 


3+ 




M 


CEEMI 


3+ 




S 


GOLD 


3+ 




S 


GOLD 


3+ 




VS 


GOLD 


3+ 




VS 


GOLD 


3+ 




VS 


GOLD 


3+ 




VS 


GOLD 



2+ 


S 


CHEMI 


2+ 


S 


CHEMZ 


2+ 


S 


CHEMI 


2+ 


S 


CHEMI 


2+ 


S 


GOLD 


2+ 


S 


' GOLD 


2+ 


s 


GOLD 


2+ 


s 


GOLD 


2+ 


s 


GOLD 



40 



1+ 


S 


GOLD 


1+ 


VS 


GOLD 


1+ 


VW 


GOLD 


TRACE/ 1+ 


■ M 


CHEMI 


TRACE 


VS 


CHEMI 


TRACE 


w 


GOLD 


TRACE 


w 


GOLD 


"TRACE 


VS 


GOLD 


NEG 


S 


CHEMI 


NEC 


s 


CHEMI 


NEG 


M 


CHEMI 


NEG 


VW 


GOLD 
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Table 2 cont'd 



••LEUKOSTIX" 
RESULT 



APPLICANTS' HYBRIDIZATION 
RESULT 



DETECTION 
SYSTEM 



NEG 
NEG 
NEG 
NEG 
NEG 
NEG 



VW 
NEG 
NEG 



W 
W 

w 



GOLD 
GOLD 
GOLD 
GOLD 
GOLD 
GOLD 



The hybridization results summarized in column 2 of Table 2 represent subjective interpretations of the 
intensity of hybridization signal obtained when labeled urine samples described in Table l were hybridized 
with genomic human ONA. 

The 'LEUK0ST1X* assay Is a colorimetric reagent strip assay. Color development on the reagent strip 
is compared to a chart provided with the assay reagent strips and ranges from negathi^ (no color 
development) to 3-^ (very strong color development). 



Example 14: Lvsis gj Cella 

A 1.0 mL aliquot of ceil suspension was centrifuged arid the cell pellet resuspended in 100 uL of 
unbuffered NaOH solution. The sample was then exposed to high temperature for a short time and then 
diluted to the original volume using 10 mM borate buffer. The pH of the solution was then adiusted lo 
neutral with HQ. 

Table 4 shows the efficiency of lysis of two different Gram positive coed, StaohvtocQccus eoidemiidis 
and StroptocQceus faecalle. at varying NaOH concentrations at either 68*0 or 100*C. In this Example, the 
absort)ance of the 10 mL aliquots at 600 nm was recorded before centrifugatlon. After centrifugation, the. 
celt pellets were resuspended In varying concentrations of NaOH (100 uL) and duplicate samples of each 
exposed to -68*0 for 10 minutes or 100*G for 5 minutes. Each sample was then diluted to 1.0 mL and the 
absorbance at 600 nm again recorded. Since the beginning and ending volumes are identical, the beginning 
and ending absorbance at 600 nm provides a direct measurement of lysis efficiency. 

Whereas Gram negative organisms lysed effictentiy in as low as 0.1 N NaOH, Table 4 shows clearly 
that efficient lysis is a function of both NaOH concentration and temperature, such that higher NaOH 
concentrations are required as ttie incubation temperature decreases. At 100*C (maximum temperature at 1 
atmosphere) a concentration of at least 1.8 N NaOH was required for efficient lysis of eoiderniidls and Si 
faecaila. If lower temperaiuree are desirable or necessary^ then higher concentrations of NaOH will be 
required to maintain lysis e ffici e ncy. 
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EFFIOPJCY Cf LYSIS CF GRftM PCSITIVE BACTERIA 
AT VARIOOS CCNCaJTRAnCMS OF NaOH AT 6Q'C aai lOO'C 

Streptococcus ffnecalts 

100 'C/5 Miimtea Sa'C/lQ Minutes 



[NaCHl 


OO600 PRE 


00600 POST 


tLJSIS 


OO600 PRE 


OD600 POST 




0 N 


0.475 


0.366 


23 


0.512 


0.357 


30 


O.I 


.509 


.261 


50 


.513 


.238 


54 


0.2 


.512 


.194 


62 


.514 


.259 


50 


0.4 


.504 


.175 


65 


.513 


.150 


71 


0.8 


.506 


.113 


78 


.505 


.147 


71 


1.2 


.498 


.082 


84 


.498 


.150 


70 


1.6 


.487 


.061 


88 


.426 


.099 


77 



Staphylocueeus epldgnnidts 
100»C/5 Mlnutea 68''C/10 Minutes 



(NaOH] 


CD600 PRE 


QD600 POST 


%LXSIS 


(X600 PRE 


CD600 POST 




0 N 


0.667 


0.558 




0.690 


0.560 


19 


0.1 


.681 


.396 


42 


.701 


.441 


37 


0.2 


.674 


.296 


60 


.699 


.414 


41 


0.4 


.699 


.183 


74 


.730 


.309 


58 


0.8 


.705 


.091 


87 


.715 


.187 


74 : 


1.2 


.680 


.070 


90 


.719 


.090 


88 


1.6 


.693 


.035 


95 


.660 


.040 


94 



tt will be appredatad that tha instant spacHlcatfon and daims ara set forth by way of illustration and not 
limitation, and that various modificationa and changes may be made wtttiout departing from me spirit and 
scope of the present Inventlofi. 



Ctalnte 

1. A mettiod for detecting one or more microorganisms or polynucleotide sequences from aukaryotic 
sources in a nucleic acid-containing test sample comprising 

a) preparing a teat sample comprising labeling the nucleic adds in the test sample* 

b) preparing one or more probes by immobilizing an oUgonudeotfde or a stngle-stranded nudeic add 
of one more known microorganisms or sequences fhsm eucar/otic sources; 

c) corTtacfing» under hytvfdizadon conditions, the labeled singie*9tranded sample nudeic add and the 
immobifized oOgortudeoUde or single-stranded nudeic add to fbrm hybridized labeled nudefo adds, and 

_ d) assaying fbr the hybridized nudeic acida by detecting the labeL 

2. A mettiod accorcSng to daim 1, further comprising denaturing the labeled nudeic adds to form 
labeled single stranded nudeic adds. 

3* A memod according to any of dalms 1 and 2* wherein said eukaryotfc sources are selected from the 
grot^ conaistfng of aigae, protozoa, fungi slime mokls and mammalian gerietic defects, such as aiphar 
thalassemia and sidde ceil anemia. 

4. A method according to any of daims i to 3, wherein the labeing is conducted fn a whole living call 
or a cell lysatsu 

5. A method according to daim 4. wherein the ceil lysate ts prepared by contacting a call with alkali. 

6. A method according to any of daims 1 to 5, wherein the label ia selected from the group consisting 
of protein binding Uganda, haptens, antigens, fluorescent compounds, dyes, radioactive isotopea and 
enzymes. 

7. A method according to any of daims l to 6, wherein the immobillzBlion ia carried out by chemical 
reaction or physical adaorption. 
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8. A method according to any of claims 1 to 7. wtwem the prob# comprises the tvw or more known 
microorganisms or sequences from eukaryotic sources immobilized in the form of dots on a solid support 
strip. 

9. A method according to any of claims 1 to 8, wherein said labeling is carried out by photochemicaJly 
5 reacting a nucleic add binding tigand with the nucleic acid in the test sample. 

A kit for detecting one or more microorganisms or polynucleotide sequences from eukaryotic sources In 
a test sample comprising in one or more containers 

a) a solid support containing single-stranded nucleic acids of one or more known microorganisms or 
polynucleotide sequences from eukaroyttc sources immobilized thereon. 
70 b) a reagent for labeling the nucleic acid of the test sample, 

c) a reagent for denaturing nucleic add in the test sample, and 

d) hybridization reagents. 
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^ (a) preparing Ttaat sample comprising label- 
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^ (b) preparing one or more procesa by immo- 
^billzing a single-stranded nucleic add of one or more 
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Ul 



(d) assaying fbr tire hybddized nudeic adda 
by detecting ttie label. The method can be used to 
detect genetic dsorders, e.g., sickle-cell anemia. 
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